were found for infectious hospitalization. Mortality [hazard ratio = 1.03, CI 0.82-1.30] and cardiovascular events were not significantly different for inpatients versus outpatients. Conclusion: Inpatient hemodialysis initiation has a protective association with hospitalization among those patients referred late to nephrology, with multiple comorbidities and/ or little social support.
c20
to occur in both those with and without early referral to nephrology [7, 8] . However, very few studies have elucidated other factors associated with inpatient dialysis initiation (first dialysis occurring during a hospital admission). Inpatient dialysis initiation is likely a consequence of many different factors such as comorbid disease burden, social support and health behaviors.
Conventional wisdom would argue that those initiated on dialysis as inpatients would have worse outcomes than those who started as outpatients because of poorer access to care or adherence problems, worse health status at baseline and lower socioeconomic status. However, these factors have not been well-studied. In one retrospective study conducted in Spain, it was noted that non-planned dialysis initiation (not defined as inpatient initiation, but as a lack of permanent dialysis access at initiation) was associated with increased mortality and cost compared to planned dialysis [6] . However, there is a paucity of prospective data on these and additional outcomes associated with inpatient initiation, such as hospitalizations, clinical events, transplantation and dialysis adherence. Furthermore, the clinical factors leading a physician to initiate a patient on dialysis in the inpatient setting are also not well described. There are patients in whom inpatient initiation is clearly indicated. Such patients may be too ill and unstable to initiate dialysis as outpatients. However, many patients could likely be initiated in either setting. These 2 groups of patients have not been characterized.
Our objectives were to describe the characteristics of ESRD patients initiating hemodialysis as inpatients versus outpatients, describe the reasons for inpatient initiation, and assess the outcomes of inpatient initiators as opposed to those who began dialysis as outpatients. We hypothesized that inpatient initiators would have worse outcomes than outpatient initiators.
Subjects and Methods

Study Design and Population
We examined the location (inpatient vs. outpatient) of hemodialysis initiation and associated outcomes in a national prospective cohort study of incident dialysis patients. The Choices for Healthy Outcomes in Caring for ESRD (CHOICE) study was initiated in 1995 to investigate treatment choices and outcomes of dialysis care [9] . Eligibility criteria for enrollment included establishment of long-term outpatient dialysis in the preceding 3 months, ability to provide informed consent for participation, age older than 17 years, and ability to speak English or Spanish. The Johns Hopkins University School of Medicine Institutional Review Board (IRB) and the IRBs of the participating dialysis facilities approved the study protocol.
From October 1995 to June 1998, 1,041 participants from 19 states were enrolled at 81 dialysis clinics associated with Dialysis Clinic Inc (Nashville, Tenn.; n = 923), New Haven CAPD (New Haven, Conn.; n = 86) or Saint Raphael's Hospital (New Haven, Conn.; n = 32). The total number of enrolled participants represents about two-thirds of eligible patients at these clinics, and those not enrolled were of similar age and gender to those who were enrolled [10] . There were 767 hemodialysis patients enrolled. For the purposes of this study, we limited our sample to a sub-cohort of hemodialysis patients with complete data on location of dialysis initiation (n = 652 at 71 clinics). Those with complete data had similar demographics and comorbid illness to those without.
Measurements
The location of first dialysis and documented reasons for inpatient initiation were determined retrospectively by review of the Centers for Medicare and Medicaid Services Medical Evidence Report (CMS) Form-2728 and review of clinic notes and hospital discharge summaries. Participants were considered to have been initiated as inpatients if there were documented clinical records of first dialysis during a hospitalization. They were considered to have been initiated as outpatients if there was either no hospitalization inclusive of the date of initiation of dialysis recorded on the CMS form or there were documented clinical records of first dialysis occurring during an outpatient visit. Documented reasons for inpatient initiation were those noted by the consulting nephrologist or attending physician caring for the patient during their hospitalization. Location of first dialysis and reasons for inpatient initiation were ascertained by one investigator and confirmed by a second investigator.
At enrollment, participants completed a baseline self-report questionnaire and provided demographics, medical/social history, and patient satisfaction information. Degree of social support was assessed at baseline using the Medical Outcomes Study Social Support instrument [11] . Height and weight, used to calculate body mass index (BMI), were obtained from the CMS Form-2728. Late referral was defined as time between first nephrologist evaluation and start of dialysis ^ 4 months [1, 12] . Vascular access was obtained through review of discharge summaries, dialysis flow and clinic notes [13] .
Comorbidity, referring to medical conditions other than the primary disease itself and the severity of those conditions, was assessed using the Index of Coexistent Disease (ICED) [10, 14] score, a medical record-derived index demonstrated to predict death in dialysis populations [15] . ICED scores range from 0 to 3 with 3 as the highest severity level. A trained research nurse abstracted medical records to determine these scores, based on 19 medical conditions. Individual comorbidities were abstracted from dialysis clinic records, hospital discharge summaries, medication lists, consultation notes, diagnostic imaging and cardiac imaging reports, which were collected at each dialysis unit, and sent to the New England Medical Center for abstraction and scoring. Reliability of data abstraction and severity scoring was assessed by masked recoding of 45 medical records [15] . Interrater reliability for ICED scoring was high ( = 0.93).
Baseline non-fasting venous blood specimens were routinely collected at the Dialysis Clinic, Inc. facilities just prior to a dialysis session. Laboratory values for albumin, creatinine, potassium, calcium, phosphorus and hemoglobin were obtained from month-
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Nephron Clin Pract 2010;114:c19-c28 c21 ly laboratory tests at dialysis clinics, and average values for the first 3 months on dialysis therapy were calculated. Total cholesterol levels were obtained from aliquoted samples sent to Quest Diagnostics (Baltimore, Md., USA). The glomerular filtration rate (GFR) before dialysis initiation was estimated by the 6-variable Modification of Diet in Renal Disease (MDRD) equation using creatinine values obtained from CMS Form-2728 [16] . Calcium levels were corrected for albumin before calcium-phosphate products were calculated. Hemodialysis dosage (Kt/V) was calculated using values of blood urea nitrogen, pre-and post-dialysis weight, and dialysis duration by the Daugirdas formula [17] .
Outcomes Ascertainment
The observation period for each participant began on the date of enrollment and continued until 31 December 2004. Median follow-up was 3.0 years (range ϳ 1 week to 9.1 years). The primary outcomes of interest were mortality and hospitalization rates. Mortality information was ascertained from clinic report, medical records, CMS, and the National Death Index. Follow-up for mortality continued until death, transplantation or the last follow-up date. All-cause, infectious, and cardiovascular hospitalization data were obtained from the United States Renal Data System (USRDS). Infectious hospitalization ascertainment using the International Classification of Diseases, 9th revision has been previously described in CHOICE [18] . Cardiovascular events were obtained by the Cardiovascular Disease Endpoints Committee -trained physicians who reviewed the hospital records to determine cause of hospitalization using uniformly applied criteria modified from the Cardiovascular Health Study [19] and the HEMO study [20] . Adjudicated events included myocardial infarction, cerebrovascular accident, and the following procedures: abdominal aortic aneurysm repair, percutaneous transluminal coronary angioplasty, coronary artery bypass graft, carotid endarterectomy, peripheral bypass of the lower extremity, and amputations (excluding digit amputations).
Secondary outcomes of interest were transplantation, dialysis adherence and patient-reported satisfaction. Transplantation was ascertained from clinic reports and United States Renal Data System. Dialysis adherence measures were ascertained from clinic attendance records and serum potassium and serum phosphate obtained during follow-up. Participants were considered adherent with their dialysis treatment schedule if they skipped less than or equal to 3% of their overall scheduled sessions; a cutoff value that has been previously related to patient-physician contact [21, 22] . Goal potassium at 1 year of follow-up was defined as ^ 5.0 mEq/l, and that of phosphorus was defined as ! 5.5 mg/dl [22] . Patient satisfaction was assessed using global questions of overall quality of dialysis care and whether or not participants would recommend their dialysis center [23] .
Statistical Analysis
Baseline characteristics of the sample stratified by location of dialysis initiation were compared using 2 tests for categorical variables and t tests for continuous variables. Cox-proportional hazards regression was used to test the association between location of dialysis initiation and mortality. Survival time was calculated from the date of first dialysis until death. Patients were censored if they received a transplant. Poisson regression with overdispersion was used to test the association between location of dialysis initiation and subsequent hospitalizations. Time to transplantation was modeled using Cox proportional hazards regression, and dialysis adherence measures and patient satisfaction (extremely satisfied vs. less than extremely satisfied) were modeled using logistic regression.
Potential confounders were identified by assessing the relationships between each variable and inpatient dialysis initiation and between the variable and the outcome (p ! 0.20 for both associations). Also, clinically relevant variables that did not meet these criteria were still included in the multivariable model. Based on these criteria, confounders included in the aforementioned models were age, sex, race, marital status, smoking history, affectionate social support, ICED score, BMI, nephrology referral time, and serum albumin. Multiple imputation was used to address covariates with more than 3% missing data (assumed to be missing at random [24] ). These were nephrology referral time (17.9% missing) and affectionate social support (6.3% missing). Subgroup analyses by race and nephrology referral time were tested, given prior evidence of differential mortality for blacks and whites on dialysis [25] and previously reported poor outcomes for dialysis patients referred late to nephrology [1] . In these analyses, only complete (non-imputed) data were used.
Several sensitivity analyses were performed. First, Poisson regression models for infectious hospitalization were examined with and without dialysis access at baseline as a covariate. Second, change in comorbid disease over time and dialysis adherence measures were examined to determine if they could account for differences in primary outcomes between inpatient and outpatient initiators. Third, an interaction term for race and nephrology referral time was tested, given a prior study of this cohort found black race to be associated with late referral [1] . Fourth, to examine the possibility of survival bias, the time from dialysis initiation to enrollment in CHOICE was evaluated in primary outcome models. Fifth, propensity scores were calculated, and baseline characteristics by propensity score tertile were compared using the aforementioned methods. Additionally, propensity score adjusted models were analyzed after using logistic regression to calculate the estimated probability of a patient being initiated on hemodialysis as an inpatient [26] . The following variables were used to derive this propensity score for each patient: age, sex, race, marital status, smoking history, affectionate social support, ICED score, BMI, nephrology referral time, and serum albumin. Finally, to examine the possibility of selection bias (i.e. some deaths were missed during the enrollment period), a simulated analysis using data from the propensity scores was performed to estimate the effect of the absence of these patients. We added 20 additional hypothetical deaths in the first 90 days of follow-up. The covariates used in this analysis were estimated from the median values of those with the highest propensity to be inpatients.
In all analyses, the possibility of confounding by dialysis clinic was controlled with fixed-effects modeling, clustered on clinic, which accounted for within-clinic correlation and between-clinic differences in outcomes [27] . A 2-sided p ! 0.05 was used as the level of significance for all tests. Statistical analyses were performed using Stata software, version 10 (Stata Corporation, College Station, Tex., USA).
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Results
Patient Characteristics and Reasons for Inpatient Initiation
The majority of patients, 410/652 (63.0%), were first dialyzed during a hospitalization ( table 1 ) , based on review of dialysis clinic notes and hospital discharge summaries. In contrast, only 41 (10%) inpatients were noted on CMS Form-2728 to have a primary dialysis setting of 'hospital inpatient'. Median time from dialysis initiation to study enrollment was 52 days for inpatients and 47 days for outpatients (p = 0.053). Compared to outpatient initiators, inpatients were more likely to be unmarried, report less social support, be former or current smokers, have multiple comorbidities and be referred late to nephrology. Late nephrology referral was a strong predictor of inpatient initiation [odds ratio (OR), 2.0, 95% confidence interval (CI) 1.3-3.1] in multivariable regression analysis. Analysis by propensity score tertile revealed those in the third tertile (highest propensity for being an inpatient) to be least likely to be employed, least likely to be married or report adequate social support, and most likely to have used tobacco and/or drugs. This tertile also had the greatest comorbid disease burden. Uremia, volume overload, and their combination were the most commonly documented reasons for inpatient initiation; and few patients were documented to have been electively admitted for dialysis initiation ( fig. 1 ).
Mortality and Hospitalization
Compared to those initiated on dialysis as outpatients, the overall risk of death was not significantly different among inpatients ( table 2 ) . In unadjusted analysis, inpatient initiation was not significantly associated with subsequent all-cause hospitalizations, but there was an 8% lower rate of hospitalization among inpatients versus outpatients in adjusted analysis [incidence rate ratio (IRR), 0.92, 95% confidence interval (CI) 0.89-0.94]. Similarly, in adjusted analysis, there was a 14% lower rate of infectious hospitalization among inpatient initiators (IRR, 0.86, 95% CI 0.83-0.89). The differences between the unadjusted and adjusted hospitalization models were in large part due to confounding by greater comorbid disease among inpatient initiators. There was no difference in incident cardiovascular events between the 2 groups. 1 Uremia includes symptoms such as nausea/vomiting, fatigue, anorexia, metallic taste and pruritus. 2 Other documented reasons included: progressive renal failure, status-post cardiac catheterization, and status-post cardiac surgery. 3 HTN = Hypertension. c23 Univariate analysis. To convert phosphate in mg/dl to mmol/l, multiply by 0.3229; calcium in mg/dl to mmol/l, multiply by 0.2495; potassium in mEq/l to mmol/l, multiply by 1; hemoglobin and albumin in g/dl to g/l, multiply by 10; cholesterol in mg/dl to mmol/l, multiply by 0.02586. 
Transplantation, Adherence Measures and Patient Satisfaction Ratings
Transplantation was no different for inpatients versus outpatients ( table 2 ) . In adjusted analysis, inpatients had 59% lower odds of having goal potassium values at 1 year; there was no difference in goal phosphate, adherence to dialysis sessions or patient satisfaction ratings.
Subgroup Analyses by Referral Time and Race
Adjusted analyses stratified by nephrology referral time revealed the protective effect of inpatient initiation on all-cause and infectious hospitalizations to be present only for those referred late; those referred early had worse outcomes ( table 3 ) . The relationship between inpatient initiation and transplantation varied by nephrology referral time (although not statistically significant), with a trend towards inpatients referred late being less likely to undergo transplantation than inpatients referred early (p interaction = 0.023). Those referred late were much less likely to receive a kidney transplant than those referred early. Adjusted analyses stratified by race revealed inpatient initiation to be protective against all-cause hospitalization in blacks (IRR, 0.83, 95% CI 0.71-0.98), while whites had increased risk (IRR, 1.14, 95% CI 1.02-1.28); p interaction = 0.043.
Sensitivity Analyses
First, adjusted Poisson regression analysis of infectious hospitalization yielded similar findings with and without the inclusion of baseline vascular access in the model. Second, ICED scores at one year and dialysis adherence measures were examined and found to not account for differences in primary outcomes between inpatient and outpatient initiators. Third, an interaction term for race and nephrology referral time was statistically significant for several outcome analyses; however, its presence did not change the direction or magnitude of the associations. Fourth, the inclusion of time from dialysis initiation to study enrollment in adjusted analyses did not alter the primary outcome findings. Fifth, propensity score analysis revealed that the protective relationship between inpatient initiation and all-cause and infectious hospitalization was present only among those with the highest propensity to be inpatients ( table 2 ) . Finally, we found that after adding 20 additional hypothetical deaths in the first 90 days of dialysis initiation for patients started as inpatients, the unadjusted hazard ratio (HR) for mortality comparing inpatients to outpatients was 1.25 (95% CI 1.03-1.52), but this finding became non-significant (HR = 0.95, CI 0.89-1.01) after adjustment for age, sex, race and comorbid disease. a Hazard ratios are reported for mortality and transplantation. Incidence rate ratios are reported for hospitalizations and cardiovascular events. Odds ratios are reported for dialysis adherence measures. b Adjusted for age, sex, race, ICED score, serum albumin, BMI, nephrology referral time, smoking history, marital status, affectionate support and dialysis center. Potassium and phosphorus at 12 months were adjusted for the above and baseline values. Adjustment for dialysis access in hospitalization analyses yielded similar results in the subset of patients with this variable. c Propensity scores were calculated using age, sex, race, marital status, smoking history, affectionate social support, ICED score, BMI, nephrology referral time, and serum albumin; and propensity score tertile analyses are also adjusted for propensity score. d Hospitalizations per person year. e Defined as missing ≤3% of dialysis sessions.
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Discussion
In this national prospective cohort study of incident hemodialysis patients, we found that the majority of new-onset ESRD patients were initiated on dialysis as inpatients. While there was no difference in mortality or incident cardiovascular events between inpatient and outpatient initiators, inpatient initiation had a protective association with subsequent all-cause and infectious hospitalization. However, this protection was seen only among those with the highest propensity to be inpatients, including those referred late to nephrology. Among those referred early to nephrology, inpatient initiators had a greater risk of hospitalization compared to outpatients.
Our findings suggest that inpatient dialysis initiation is a common occurrence in the US, and is likely being underestimated by the CMS Form-2728, which does not specifically include a question regarding the location of dialysis initiation. We believe that our results, ascertained by review of medical records, are a more accurate reflection of the true prevalence of inpatient initiation, which is high and carries important public health implications.
In 2004, there were 19,000 first-listed discharge diagnoses of chronic kidney disease in the US [28] ; and the Medicare expenditure for ESRD in 2005 was USD 20 billion [29] . Inpatient initiation of dialysis may be a significant contributor to this hospitalization burden and cost, although this has not been well-studied. If the percentage of US patients initiating dialysis as inpatients were reduced, it might appear that a significant amount of money could be saved. However, importantly, our results suggest that for patients with multiple comorbidities, little social support, and poor preparation for dialysis, an inpatient admission for dialysis initiation may provide an opportunity to prevent future hospitalizations, thus offsetting the initial higher cost of inpatient versus outpatient dialysis initiation. But, for those who clinically could be initiated in either setting, outpatient initiation is likely the best option.
There are several possible explanations for the protective relationship of inpatient dialysis initiation and hospitalization that we observed only among those with the highest propensity to be inpatients, including those referred late to nephrology. First, these inpatient initiators likely required intensive treatment because of limited prior nephrology care, and therefore may have received therapy such as aggressive ultrafiltration that could have helped to prevent future hospitalizations for volume overload. Second, the multidisciplinary team who often see patients when they begin dialysis during a hospitaliza- [30] [31] [32] and increased likelihood of planned dialysis initiation [8] ; however, the effect of likely intensive in-hospital programs on those beginning dialysis as inpatients has not been established. Finally, due to the experience of illness requiring hospitalization, inpatients may have improved their health behaviors, resulting in a subsequent decreased risk of hospitalization. The trend towards better dialysis session adherence among inpatients in propensity tertile 3 ( table 2 ) supports this hypothesis. Although such behavioral changes are not wellexamined in kidney disease, it has been reported that acute myocardial infarction patients may change their smoking habits because of the perception of personal vulnerability that develops following a myocardial infarction [33] . Also, it has been shown that patients who face life-threatening illnesses place higher value on health [34, 35] , which could potentially lead to changes in health habits.
The finding that inpatient initiation had a protective relationship with all-cause hospitalization in blacks, while whites had increased risk, may have been related to the well-established relationship between black race and improved survival on dialysis [25] (i.e. the same factors that lead to less mortality on dialysis among blacks relative to whites may contribute to less hospitalizations as well). Alternatively, blacks may have been differentially impacted by the inpatient experience than whites. Differences in referral time did not explain this relationship.
Our study has certain limitations. First, an observational study such as ours is limited by confounding by indication for location of dialysis initiation given the lack of randomization. To address this, we considered and adjusted for multiple potential confounders. We performed propensity score adjustment as a sensitivity analysis. After these measures, we continued to find a statistically significant protective relationship between inpatient dialysis initiation and hospitalization. Nevertheless, the possibility of unmeasured confounders cannot be excluded. Second, our findings may reflect temporal trends in location of dialysis initiation, since our cohort assembled between 1995 and 1998. However, at least 3 studies outside the US have shown a similarly large percentage of patients (44-50%) who underwent unplanned or inpatient dialysis initiation more recently (between 2003 and 2004) [5, 8, 36] , suggesting that such practices likely still occur outside of the US, and in countries with universal health care systems. Third, although the documented reasons for inpatient initiation largely represented established indications for urgent dialysis, we were lacking measures of clinical severity and appropriateness of inpatient initiation and documentation of reasons for outpatient initiation. Fourth, survival bias may have been present, but our sensitivity analysis of adding hypothetical additional deaths in the first 90 days of dialysis initiation for patients started as inpatients suggests that a crude mortality difference between inpatient and outpatient initiators is largely explained by differences in comorbid disease. We acknowledge, however, that if our sample size was larger and/or more balanced between inpatients and outpatients, we may have observed statistically significant differences in mortality. Finally, we recognize that the mean age of our study population at dialysis initiation was younger than that of patients beginning dialysis in the US today, and believe this change in dialysis population age and the increasing rate of ESRD underscores the importance of appropriate use of resources at the time of dialysis initiation.
In summary, to our knowledge, this is the first prospective US study investigating inpatient dialysis initiation and its associated outcomes. We found that inpatient hemodialysis initiation is common and is associated with several patient characteristics, including lack of social support, greater comorbid disease and late referral to nephrology. Inpatient initiation is associated with fewer subsequent hospitalizations in patients with these characteristics. For most other patients, however, inpatient initiation is associated with similar outcomes to outpatient initiation. Whether better identification of patients who might benefit from inpatient initiation of dialysis could lead to decreased health care utilization is worthy of further investigation.
